The phytochemical composition of the essential oils of three Sideritis libanotica subspecies, namely S. libanotica ssp. libanotica, S. libanotica ssp. linearis and S. libanotica ssp. michroclamys, all collected in Lebanon, was analyzed by GC and GC-MS. The diterpene sideridiol was recognized as the main constituent of both S. libanotica ssp. libanotica (50.8%) and S. libanotica ssp. michroclamys (18.4%) oils, while hexadecanoic acid (10.5%) prevailed in S. libanotica ssp. linearis. The antioxidant activity of the oils was studied in two cell free systems by DPPḢ radical scavenging and ferric ion reduction (FRAP) assays; only S. libanotica ssp. linearis showed a moderate activity when assayed by the FRAP test (0.6± 0.01 mmol TE/mL).
The genus Sideritis, family Lamiaceae, subfamily Lamioideae, has more than 150 species occurring mainly in the Eastern and Western Mediterranean regions [1] . Infusions of the aerial parts, known as "mountain tea" because some species grow in the high mountain areas, are used as tonics, carminatives, diuretics, and digestives; in addition, Sideritis spp. are used as culinary herbs and for producing flavoring substances [2] . The genus has been the subject of wide chemotaxonomic investigations for 40 years because of the presence of diterpenoids with many different carbon skeletons (mainly kaurane and labdane, but also beyerane, atisane, trachilobane, and rarely pimarane, rosane and abietane), occurring in almost all the species studied [3] , and essential oils. Recently Pala-Paul et al. [4] summarized both yields and main components of essential oils from Sideritis species studied until now: most of these are richer in monoterpene hydrocarbons than in other terpenoid compounds, and diterpenes occur only in the oils of a few species [4] .
In the present study, following our previous research on this genus [5] [6] [7] , we contribute to the knowledge of the volatile compounds of Sideritis species describing the chemical composition of essential oils from three S. libanotica subspecies, namely: S. libanotica Labill. ssp. libanotica (Hand-Mazz.) Huber-Morath., S. libanotica Labill. ssp. linearis (Bentham) Borm. and S. libanotica ssp. michroclamys (Hand-Mazz.) Huber-Morath. S. libanotica is very popular to treat coughs, hypertension and the "worm in the eyes" syndrome (it is traditionally believed that pains in the eyes are caused by worms with a black head) [2] . Methanol extract of the aerial parts of S. libanotica subsp. linearis showed in vitro antiproliferative activities against Vero, HeLa and C6 cells [8] , and antioxidant activity [9, 10] . S. libanotica ssp. libanotica has previously been investigated for diterpenes; siderol and sideridiol were found [11] , while the main volatile compounds of the three subspecies of S. libanotica from Turkey have been described by Kirimer et al. [12] . Along with the chemical composition of the essential oils from the title plants, here we describe also the antioxidant activity of the oils evaluated by two cell free systems, DPPḢ radical scavenging and ferric ion reduction (FRAP) assays.
The relative concentrations of the volatile components identified in the essential oils of the three subspecies of S. libanotica are presented in Table 1 , according to their retention indices Ki on a HP-5 MS column. The oils presented different compositions and the identity of the most dominant components differed notably.
In S. libanotica ssp. libanotica (Lb) we identified 50 compounds, accounting for 91.9% of the total oil. Diterpenes (52.8%) represented the main fraction of the oil and sideridiol (50.8%) was recognized as the main constituent. Fatty acids and esters (8.9%) were quite abundant and were mainly constituted by (Z,Z)-9,12-octadecadienoic acid (4.3%) and hexadecanoic acid (3.2%). Oxygen containing monoterpenes contributed 6.1%; monoterpene hydrocarbons were completely absent.
As regards S. libanotica ssp. linearis (Ln), the oil was constituted of 50 compounds accounting for 90.2% of the total oil. The main compounds were hexadecanoic acid (10.5%), (Z,Z,Z)-9,12,15-octadecatrienoic acid (7.8%) and oplopanone (7.1%). Fatty acids and esters (32.2%) clearly prevailed but also phenols were abundant (13.4%) and generally oxygenated compounds. Also in this sample monoterpene hydrocarbons were absent and sesquiterpene hydrocarbons were scarce (1.6%). Diterpenes accounted only for 0.5%. The absence of monoterpene hydrocarbons in Lb and Ln is worthy of note if we consider that Kirimer et al. [12] classified these two oils as monoterpene hydrocarbon-rich oils, and particularly β-and α-pinene-rich oils. This confirms the wide variation in essential oil composition between different sites and populations observed previously [4] . Sideridiol (18.4%) was recognized as the main constituent of S. libanotica ssp. michroclamys oil (Lm), together with bicyclogermacrene (4.7%). Diterpenes were quite abundant (22.9%), followed by oxygenated monoterpenes (16.6%), fatty acids and esters (13.6%) and sesquiterpene hydrocarbons (12.6%). Again our results differ from those of Kirimer et al. [12] who found β-caryophyllene (12%) and germacrene D (10%) as main compounds, classifying this oil as sesquiterpene-rich and particularly β-caryophyllene-rich. Generally, Lb and Lm consisted especially of terpenoids (65.9 and 68.3% respectively), but while Lb was rich of diterpenes (52.8%), in Lm there were similar amounts of monoterpenes (24.7%) sesquiterpenes (20.7%) and diterpenes (22.9%). Differently, in Ln terpenoids were scarce (25.7%), while fatty acids and esters (32.2%) and phenols (13.4%) were present in major percentages. The composition of the investigated samples differed greatly from the results reported earlier for other species of Sideritis, which generally contain essential oils rich in monoterpene hydrocarbons such as α-pinene, β-pinene, sabinene, myrcene, and limonene, or, to a lesser extent, in sesquiterpene hydrocarbons such as δ-cadinene and β-caryophyllene [4, 13] . The quantitative prevalence of diterpenoids in Lb and Lm is worth mentioning as they do not appear very often in the essential oil of Sideritis species because of their low volatility. So, S. libanotica ssp. michroclamys and S. libanotica ssp. libanotica essential oils could both be classified as diterpene-rich essential oils, which is the most rare type [4] .
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In fact, only five species of this genus, S. hirsuta from Spain [4] , S. italica from Sicily (South Italy) [6] and Camerino (Central Italy) [13] , S. perfoliata and S. dichotoma from Turkey [12] and S. scardica from Bulgaria [14] have been previously described to present diterpenes as major or particularly abundant constituents. Different phytochemical studies have revealed that ent-kaurene type diterpenoids are the most frequently found in Sideritis species, particularly those growing in the Eastern Mediterranean Basin [3] , and sideridiol in particular has been already isolated from the acetone extract of S. libanotica ssp. libanotica [11] . The presence of diterpenes in our samples is significant as this class of molecules is responsible for the different biological activities shown by Sideritis species [2] . The main compound characterizing S. libanotica ssp. linearis, hexadecanoic acid, is also present in high percentages in S. italica from Sicily [6] and the Sibilline Mountains [15] , S. lanata (10.7%) [12] and S. syriaca (31.1%) [16] . Such results could have a taxonomic significance, suggesting further investigations.
The essential oils of the three S. libanotica subspecies were subjected to screening for their possible antioxidant activity by means of two spectrophotometric methods (DPPH and FRAP tests) and expressed as Trolox equivalents (TEs). According to the DPPH test, the essential oils did not show any antiradical activity, while the FRAP test revealed that our samples exerted a weak capacity to scavenge free radicals (0.60± 0.01, 0.32± 0.02 and 0.22± 0.02 mmol TE/L for Ln, Lm and Lb respectively); these values are very low in comparison with artificial antioxidants such as butylhydroxytoluene BHT assayed at the same dose (3.90± 0.02 mmol TE/L). The major activity showed by Ln is probably due to the higher amount of phenols (13.4%), particularly thymol (4.9%) and carvacrol (5.3%), both scarce in the other two samples. The antioxidant activities of the methanol extract of S. libanotica ssp. linearis [8] and of the aqueous extract of S. libanotica ssp. libanotica [2] were already shown, but this is the first time that the essential oils of the three title plants have been studied for their possible antioxidant activity. 
Isolation of the essential oil:
For the isolation of the essential oils, the air-dried samples (lots of 25 g) were ground in a Waring blender and then subjected to hydrodistillation for 3 h using n-hexane as a solvent, according to the standard procedure previously described [6] . The oils were dried over anhydrous sodium sulfate and stored under N 2 at +4°C in the dark until tested and analyzed. The hydrodistillation yielded 0.06% (Ln), 0.10% (Lb), and 0.08% (Lm), respectively, of yellowish oils.
Gas chromatography-mass spectrometry: Analytical gas chromatography was carried out on a Perkin-Elmer Sigma 115 gas chromatograph fitted with a HP-5 MS capillary column (30 m x 0.25 mm, 0.25 μm film thickness), as described previously [6] .
Identification of components:
Most constituents were identified by GC by comparison of their retention indices (LRI) with either those of the literature [17] [18] [19] or with those of authentic compounds available in our laboratories. The linear retention indices were determined in relation to a homologous series of n-alkanes (C 8 -C 28 ) under the same operating conditions. Further identification was achieved by comparison of their MS on both columns, either with those stored in NIST 02 and Wiley 275 libraries or with MS from the literature [18, 19] and our home-made library.
Antioxidant activity: Essential oils were dissolved in methanol in order to obtain 1 mg/10 mL solutions. For each antioxidant assay, a Trolox aliquot was used to develop a 0.5-10 mmol/L standard curve. All data were then expressed as Trolox Equivalents (mmol/L) and antioxidant activity referred to as Trolox Equivalents Antioxidant Capacity (TEAC).
Free radical scavenging ability (DPPH method):
The ability of essential oils and extracts to scavenge the DPPH radical was measured as described in [20] . Aliquots (40 µL) of samples were added to 3 mL of DPPH solution (6x10 -5 mol/L) and the absorbance was determined at 515 nm after 60 min.
Ferric reducing/antioxidant power (FRAP method):
The total antioxidant potential of extracts were determined by using the ferric reducing antioxidant power (FRAP) assay, as described in [20] . A solution of 10 mmol/L TPTZ in 40 mmol/L HCl and 12 mmol/L ferric chloride was diluted in 300 mmol/L sodium acetate buffer (pH 3.6) at a ratio of 1:1:10. Aliquots (40 L) of sample solutions were added to 3 mL of the FRAP solution and allowed to react for 60 min before reading the absorbance at 593 nm.
Statistics:
Triplicate analyses for each measurement were conducted for each sample. Differences between the means were evaluated with ANOVA, using the Graf Pad Instat 3 (Microsoft Software) statistics program. The significance of the model was evaluated by ANOVA. The significance level was fixed at 0.05 for all the statistical analysis.
